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PILOT STUDY TO INTEGRATE EXISTING KARST FLOW DATA FOR
KENTUCKY INTO THE NATIONAL HYDROGRAPHY DATASET
CREATED BY THE U.S. GEOLOGICAL SURVEY
Blair, R.J.1, Carigan, E.D.1, Currens, J.C.2, O’dell, P.W.1, Ray, J.A.1, and Seay, J.S.1
1
KY Division of Water, 200 Fair Oaks Lane, Frankfort, KY 40601; (502)564-3410
2
Kentucky Geological Survey, University of Kentucky, Lexington, KY
Robert.Blair@ky.gov; James.Seay@ky.gov
The U.S. Geological Survey’s (USGS) National Hydrography Dataset (NHD) is a map
layer of surface streams in the United States for use with geographic information systems
(GIS). The NHD digital product was designed to also allow incorporation of various
groundwater data.
The Kentucky Geological Survey (KGS) and Kentucky Division of Water (KDOW) have
compiled and digitized karst flow data for more than half of the karst regions in
Kentucky. These data, obtained from many investigators, have been published by KGS
in the Kentucky Karst Atlas map series and are available as data files for use with GIS.
The USGS and KDOW have funded a pilot study, conducted by KDOW, to integrate
existing karst data into the NHD. The pilot study area, located in the southwestern
Mississippian Plateau Region of Kentucky, is the West Fork Red River watershed. This
area was chosen because known karst flow data have been compiled and digitized and it
provides good representation of a wide array of karst features present in Kentucky.
Karst flow data are being added using the NHD Geo Edit toolset, which was developed
by the USGS. Karst features are classified using Feature Types (FType) and Categories
as defined within the NHD. Subsurface flow routes are added using the FType
‘Underground Conduit’. Category is then used to convey whether the subsurface flow
route is inferred from dye tracing or based on cave surveys.
Incorporating previously omitted subsurface flow data into the NHD will provide several
benefits, primarily: 1) demonstration of local deviation of karst drainage from
topographic watershed divides, 2) establishing a baseline for mapping karst features and
groundwater flow paths within the NHD, and 3) improving accuracy and applicability of
information used for hydrologic modeling, research and field investigation.
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AN EVALUATION OF PHYSICAL AND CHEMICAL DISCHARGE PARAMETERS
FROM A SPRING THAT DRAINS THE EPIKARST
David A. Jackson, PG
Geologist Supervisor Registered
Groundwater Section
Kentucky Division of Water
200 Fair Oaks Lane
Frankfort, KY 40601
Phone (502) 564-3410 ext 4932
davida.jackson@ky.gov

Physical and chemical parameters measured at a spring’s discharge point can be used to
determine recharge mode to the spring’s groundwater recharge basin. This study showed that
conductivity, temperature and stage, measured by a digital datalogger, can be used to determine
the type and percentage of recharge, seepage versus quick-flow, that contribute to a spring’s
discharge point.
Ewers Alley Spring is a small perennial spring that drains a groundwater basin developed
solely within the epikarst. This spring was fitted with a digital datalogger to determine if
changes in temperature, conductivity and stage, which have been used to characterize springs
that drain mature karst basins, can also be used to characterize recharge to a basin that is charged
solely from groundwater stored in the epikarst.
The study determined that changes in temperature, conductivity and stage in response to
precipitation events could be used to determine recharge type to a drainage basin located solely
in the epikarst.
Changes in temperature, conductivity and stage indicate that Ewers Ally Spring is
dominated by seepage recharge conditions, and at baseflow conditions the groundwater in all
probability is saturated in respect to calcium carbonate. During wetter periods of the year when
flow from the epikarst is greater, groundwater discharge from the spring is prone to be
undersaturated in respect to calcium carbonate due to the influx of fresh water into the epikarstic
system. In spite of the fact that seepage recharge conditions dominate the system, numerous
vertical conduits and open channels, present in the epikarst, can transmit water rapidly into the
system; resulting in quick-flow conditions that can travel quickly to groundwater receptors in the
basin. However, the effects of quick-flow conditions on the spring’s response are limited due to
the predominance of the overlying soil cover and the restricted radius of influence of open pits
and shafts.
Measured baseflow discharge at Ewers Ally Spring is 0.002 cubic feet per second.
“Normalized Base Flow” per unit discharge, approximating Inner Bluegrass region karst
drainage basins, calculates a spring recharge area or basin size of 7.3 acres.
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CHARACTERIZING HEALTH RISKS IN PRIVATELY-SUPPLIED DRINKING
WATER DUE TO AGRICULTURAL PRACTICES IN RURAL WESTERN
KENTUCKY, LEADING TO AN INTERVENTION STUDY
Karen Card, MPH*; E. Glynn Beck**
209B College of Public Health Building
Lexington, KY 40536-0003
850-583-1735
card.karens@gmail.com
At least 400,000 people in Kentucky rely on private water wells or springs for drinking
water. Water well owners in Kentucky are responsible for testing and maintaining water
quality. 551 households that rely on private water wells for drinking water were surveyed
in 2009 about adverse health outcomes, including selected cancer incidence, adverse birth
outcomes, and yearly incidence of diarrheal illness. Survey recipients were drawn from a
population of well owners in the Jackson Purchase Region of Kentucky whose wells were
tested for nitrate-nitrogen (NO3-N), triazine pesticides, and E. coli or total coliforms, by
the Kentucky Geologic Survey within the previous 15 years. 214 questionnaires were
returned and matched to water quality data for analysis; the effective response rate was
39%.
NO3-N contamination in water comes from artificial or organic nitrogen-containing
fertilizers, and from human and animal fecal waste. Of 211 wells in this study with NO3N results available, 11 (5.91%) had NO3-N concentration above the MCL of 10 mg/L. Of
189 wells in this study with triazine pesticide results available, 1 (0.53%) had
concentration above the MCL of 3 µg/L; 123 (65.08%) had undetectable concentrations
of triazine pesticides. NO3-N and triazine levels were not independently distributed;
shallower bored well construction was predictive of higher concentrations of both
contaminants, consistent with other research. E. coli contamination was detected in 14.5%
of wells tested in the study population, and total coliforms were present in 59.3%. Over
one-fifth (21%) of wells in the study population were contaminated with all three, total
coliforms, triazine pesticides and NO3-N, above background concentrations, indicating
the wells’ vulnerability to surface-level contamination that can result from well
construction and agricultural land use practices.
NO3-N is converted in the body to carcinogenic N-nitroso compounds. Survey
respondents were asked about household incidence of non-Hodgkin’s lymphoma and
liver, stomach and breast cancers. SIRs were calculated to compare the study population
with reference populations. The study population seemed to experience a higher
incidence of liver cancer than reference populations. Odds ratios comparing cancer
incidences in two above-background concentration categories for NO3-N suggest an
association between NO3-N exposure in drinking water and cancer incidence, however,
there was no significant relationship shown between NO3-N levels in well water and
Non-Hodgkin’s lymphoma, liver, stomach cancer or breast cancer incidence.
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Adjusted odds ratio estimates from logistic regression analysis of risk for selected cancers as a result
of nitrate concentration.
NO3-N concentration
N
OR estimate (95% CI)
Non-Hodgkin's lymphoma

Liver cancer

Stomach cancer

Breast cancer

<1 mg/L
>= 1 mg/L and < 2 mg/L
>= 2 mg/L
<1 mg/L
>= 1 mg/L and < 2 mg/L
>= 2 mg/L
<1 mg/L
>= 1 mg/L and < 2 mg/L
>= 2 mg/L
<1 mg/L
>= 1 mg/L and < 2 mg/L
>= 2 mg/L

1
1
5
1
2
3
1
0
1
3
4
9

1.84 (0.11, 30.21)
3.58 (0.41, 31.30)
3.68 (0.32, 41.90)
2.10 (0.21, 20.65)
(not calculable)
0.69 (0.04, 11.27)
2.51 (0.53, 11.87)
2.18 (0.57, 8.35)

Analysis of triazine concentration in the study population was suggestive of an
association between higher concentrations in drinking water and adverse birth outcomes
including intrauterine death, miscarriage and premature birth, with no statistically
significant relationship shown.
Odds ratio estimates from logistic regression analysis of risk for selected adverse birth outcomes as a result of
triazine concentration.
Triazine concentration
OR estimate (95% CI)
Intrauterine
death

<0.1 µg/L
>= 0.1 µg/L

5.71 (0.51, 64.65)

Miscarriage

<0.1 µg/L
>= 0.1 µg/L

3.21 (0.98, 10.44)

<0.1 µg/L
>= 0.1 µg/L

9.13 (0.93, 89.81)

Premature
birth

The presence of coliform bacteria in water indicates possible sewage pollution. Presence
of E.coli or total coliform in the water from wells in the study population, whether
modeled on a continuous or present/absent scale, was a poor predictor of yearly
household incidence of gastrointestinal disease.
Small size limited the power of this study to generate statistical significance for some
suggestive relationships between water contaminants and adverse health outcomes
consistent with other research. Other improvements to study design should be made to
address weaknesses. Further research is called for on how to make recommended
drinking water testing accessible to water well owners.
* University of Kentucky College of Public Health, Department of Epidemiology
** Kentucky Geologic Survey
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AQUEOUS GEOCHEMISTRY OF A CO2-ENHANCED OIL RECOVERY PROJECT
IN THE SUGAR CREEK OIL FIELD, HOPKINS COUNTY, KENTUCKY
Takacs, Kathryn G.1, Beck, E. Glynn2, Parris, Thomas M.1, Wedding, Daniel2, and
Locke, Randy3, (1) Kentucky Geological Survey, University of Kentucky, 228 Mining
and Mineral Resources Building, Lexington, KY 40506-0107, ktakacs@uky.edu, (859)
323-0547, (2) Kentucky Geological Survey, University of Kentucky, 1401 Corporate
Court, Henderson, KY 42420, (3) Illinois State Geological Survey, University of Illinois,
615 East Peabody Drive, Champaign, IL 61820
Approximately 7,200 tons of CO2 were injected into the Mississippian Jackson Sandstone
oil reservoir in the Sugar Creek field from May 2009 to May 2010. This enhanced oil
recovery (EOR) project is part of the Midwest Geological Sequestration Consortium pilot
program, which is headed by the Illinois State Geological Survey in collaboration with
the state surveys of Kentucky and Indiana. Goals of this EOR project included: 1)
assessment of the viability of using CO2 for EOR in Kentucky, 2) characterization of
aqueous geochemical responses to CO2 injection, 3) estimation of the amount of CO2 that
remains sequestered, and 4) investigation of sequestration mechanisms in the reservoir.
Since its discovery in 1964, the Sugar Creek field has produced approximately 34 percent
(905,000 barrels) of the estimated original oil in place (2,680,000 barrels). The reservoir
is a stratigraphic trap in a double lobe shape. Both lobes dip downward to the south of the
injection well with limited hydraulic interaction between the two lobes. Primary recovery
was by solution gas drive, and secondary recovery via waterflood has been in place since
1993. Tertiary recovery was initiated by the injection of about 7,200 tons of CO2 via a
central well from May 2009 to May 2010, after which waterflood operations were
resumed.
Geochemical monitoring was performed before, during, and after CO2 injection. Aqueous
geochemical changes in the reservoir were monitored by the monthly collection of brine
samples from eight production wells surrounding the injection well. In addition, three
shallow groundwater monitoring wells, two domestic water wells, and one water-supply
well were sampled quarterly to assure the water quality of nearby shallow aquifers was
not affected. During sampling, field measurements of temperature, specific conductance,
pH, dissolved oxygen, and oxidation-reduction potential were taken for all wells. Water
samples were analyzed for alkalinity, total CO2, dissolved anions and metals, and total
dissolved solids in the laboratory. An infrared gas analyzer was used to measure the
concentrations of free-phase CO2 at oil production wells. Gas samples were also
collected for bulk and δ13C-CO2 measurements. Lastly, reservoir pressure was monitored
at the injection well and surface pressure was monitored at the production wells.
Free-phase CO2 was detected in five oil production wells, all on the west side of the field.
Typically, after the arrival of CO2 to the wellbore (i.e., breakthrough), pH decreased one
pH unit, and chloride, calcium, strontium, and iron concentrations increased, on average,
by 200 mg/L, 115 mg/L, 45 mg/L, and 2.5 mg/L, respectively. The pH decrease occurred
very closely to the time of CO2 breakthrough. Barium concentrations, in contrast,
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decreased. Aqueous geochemical changes occurred less than 1 to 4 months after CO2
breakthrough. Since CO2 injection was halted, pH values have generally remained below
pre-injection values and most other geochemical constituents have continued to increase
in concentration. The sustained low pH values indicate that CO2 is remaining in aqueous
solution in the reservoir. No geochemical changes have been observed in the overlying
aquifers that would indicate CO2 leakage from the deeper reservoir formation. Post-CO2
injection sampling is scheduled to continue through May 2011.

8

